The cloning, purification and biophysical characterisation of the first eukaryotic cold shock protein homologue, Cla h 8, expressed as single functional polypeptide is here reported. It was discovered as a minor allergen of the mould Cladosporium herbarum by phage display using a library selectively enriched for IgE-binding proteins. 
Summary
The cloning, purification and biophysical characterisation of the first eukaryotic cold shock protein homologue, Cla h 8, expressed as single functional polypeptide is here reported. It was discovered as a minor allergen of the mould Cladosporium herbarum by phage display using a library selectively enriched for IgE-binding proteins. Based on the sequence homology of Cla h 8 with bacterial CSPs, a homology-based computer model of the allergen was computed indicating an all-beta structure of Cla h 8. This major structural feature was confirmed by CD spectroscopy. Despite the structural similarities with bacterial CSPs, the DNA-binding and unfolding behaviour of Cla h 8 exhibited unique and previously undescribed characteristics. High affinities of Cla h 8 for ssDNA as well as for dsDNA corresponding to the human Y-box were detected. The affinity for dsDNA increased significantly with decreasing temperature which was paralleled by an increase in the beta sheet content of the protein.
Temperature-dependent fluorescence anisotropy and far-UV CD measurements revealed different unfolding transitions at 28 o C and at 35.7
Introduction

Materials and Methods
Construction and screening of a Cladosporium herbarum cDNA library displayed on phage surface
For the construction of a C. herbarum cDNA library, 4 µg of a modified pJuFo vector (29) was digested with Eco R I and Xho I and subsequently treated with calf intestine phosphatase (30). 2 µg C. herbarum cDNA inserts, prepared from a previously constructed λ-Zap expression library (28) by Eco R I and Xho I digestion of isolated p-Bluescript phagemid DNA excised in vivo (31), was ligated into the cleaved vector.
The ligation mixture was used to transform E. coli XL1-Blue cells by electroporation and an M13 phage surface expression library was generated by helper phage superinfection as previously described (32). The library was selectively enriched for phage displaying IgE-binding proteins by biopanning in microtiter plates coated with pooled serum IgE from individuals allergic to C. herbarum captured with monoclonal mouse anti-human IgE mAB TN-142 (33). Serum donors were selected according to case history, specific IgE to C. herbarum determined by radioallergosorbent test (RAST), and skin reactivity to commercial C. herbarum extracts (34). A wide variety of phage binding to human serum IgE was isolated.
Identification of a clone encoding Cla h 8
Enriched phagemids were used to infect E. coli XL-1 Blue cells, plated onto square agar plates at a density of 2000-5000 colonies per plate and grown at 37°C overnight. Using a picking/gridding robot, 5376 colonies were arrayed into 384-well microtiter plates, grown at 37°C and replicated into new microtiter plates using a 384- pin replication tool to produce working copies (35). cDNA inserts of all picked clones were amplified by PCR in 384-well format and PCR products were gridded in duplicate onto 222 x 222 mm Nylon filter membranes at a density of 27 648 spots/filter using a picking/gridding robot (36). Repetitive filter hybridisations using DIG-labelled PCR probes derived from randomly selected clones were performed as described (37) until all different sequences contained in the 5376 clone sample were identified (38). The 38 different inserts obtained were sequenced using the dideoxynucleotide chain termination method (39). Both DNA strands were sequenced using vector-derived primers. Homology searches and sequence comparisons were performed with BLAST and the Genetics Computer Group program FASTA. One clone revealed strong homology with nucleotide sequences encoding cold shock protein.
Cloning, expression and purification of recombinant Cla h 8
The cDNA encoding CSP was amplified by standard PCR from the corresponding phagemid using the following primers: 5'-primer 5'-CG GGA TCC ATG GAC GCC 7 serum IgE from individuals sensitised to C. herbarum to recombinant CSP was analysed by an antigen-specific ELISA as described (42) .
A single colony containing M15 E. coli cells was inoculated in LB Amp/Kana medium at 37 o C to an OD of 0.5-0.9. The expression of 6xHis-Cla h 8 was induced by the addition of 1 mM IPTG. After five hours, the cells were harvested by centrifugation (15 min, 5000xg) and the pellet was resuspended in Extraction Buffer (50 mM NaP i , pH 7, 300 mM NaCl, 0.1 % Trasylol). Subsequently, the cells were broken by ultrasonication (3 x 20 sec, 80 W) on ice followed by centrifugation at 10.000xg for 20
min. The supernatant was tested by SDS-PAGE for the presence of soluble 6xHis-Cla h 8 fusion protein and was then applied to a TALON metal affinity resin column (Clontech Laboratories, Palo Alto, USA). The 6xHis-Cla h 8 fusion protein was eluted from the resin by pulsing with 1 ml of Elution Buffer (50 mM NaP i , pH 7, 300 mM NaCl, 0.1 % Trasylol, 150 mM imidazole). After this step, a purification of 95% was achieved. In order to further increase the purity of the protein, the combined Cla h 8-containing fractions were dialysed against buffer A (20 mM NaP i , pH 7.2) and loaded onto a Q-sepharose column (Pharmacia). A discontinuous gradient was run from 0 → 60% B in 10 min, and from 60% → 100% B in 50 minutes (buffer B = 20 mM NaP i , 1.2 M NaCl, pH 7.2). Cla h 8 with a purity of >99 % was thus obtained (see Figure 1 ).
Fractions containing pure Cla h 8 were pooled, extensively dialysed against 50 mM NaPi, 50 mM NaCl, pH 7.2 and stored at -20°C. The concentration of Cla h 8 was determined by the Bradford assay (43) . 
CD measurements
The CD-spectrum of 5 µM Cla h 8 was recorded on a Jasco J-710 spectropolarimeter (Japan Spectroscopic, Tokyo, Japan). Far UV CD measurements were carried out in the range between 195 -250 nm using a quartz cuvette with a path length of 0.1 cm, a response time of 0.25 s, and a data point resolution of 0.1 nm. Three scans were recorded to obtain smooth spectra. Mean residue ellipticities of background-corrected spectra were calculated by JASCO standard analysis. Analysis of the spectra with respect to secondary structure content was performed using the algorithm SELCON (44) . For thermal denaturation studies, Cla h 8 was diluted into 50 mM NaP i (pH 7.2), 50 mM NaCl to a final concentration of 38 µM. A spectrum at the indicated temperature was recorded after an equilibration period of 3 min.
Homology modelling of Cla h 8
A model of the 3-D structure of Cla h 8 was obtained by homology-based modelling using the Swiss-Model server (45) . As templates, the structures of the CSPs of E. coli, B. subtilis, and B. caldolyticus (PDB entries 3MEF, 1NMG and 1C9O) were
used. Further refinement of the Cla h 8 structure was accomplished by applying 200 steps of steepest descent energy minimisation followed by a 100 ps molecular dynamics simulation using the programmes Insight II and Discover (Molecular Simulation Inc., San Diego, CA). Throughout the refinement procedure, the total energy of the system was found to decrease and to reach a stable minimum value after 30 ps molecular dynamics simulation. In order to experimentally determine the secondary structure content of Cla h 8, far UV CD spectra were recorded (see Figure 3) . Analysis of the spectrum recorded at 25 o C with respect to secondary structure (43) showed that 41% of the residues exhibit β-sheet structure. This value increased to 52% when the temperature was decreased to 15 o C (see Figure 3) referring to an overall stabilisation of the predicted all-beta structure of Cla h 8 at reduced temperatures. Absolute values of secondary structure content must be regarded very cautiously because of the possible impact of aromatic amino acids on the secondary structure analysis especially in the β-sheet range. However, since we are comparing two states of the same protein under different conditions with respect to β-sheet content, the relative increase is revealed with high confidence. The α-helical content of Cla h 8 was found to be very low (< 7%), independent from the temperature, thus further confirming the all-beta structure of the protein. Table 1 ). This affinity was increased by a factor 3-4 when the temperature was decreased to 13 o C, whereas no binding of Yb± was detected at 37 o C (see Figure 7 ) because of the (partial unfolding of Cla h 8 at this temperature. In addition, the ability of Cla h 8 to discriminate between ssDNA and dsDNA was found to be higher at 25 o C than at 13 o C, as becomes obvious from comparing the dissociation constants of Yb-and Yb± at these two temperatures (see Table 1 ). Although CspA was shown to act as a cold shock transcriptional enhancer of at least two genes in E. coli, the protein lacks in vitro any ability of binding to dsDNA (52, 53) .
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Discussion
In eukaryotes, Y-box binding proteins act as transcription factors and they were shown to bind to dsDNA in vitro. The cold shock domain of Y-box binding proteins was found to be necessary but not sufficient for the interaction with dsDNA (27).
Recently, the basic amino acids containing loop between the β3 and β4 strands of the human Y-box binding protein 1 was shown to be important for dsDNA binding and that this loop, when incorporated into CspA, induced dsDNA binding in this bacterial CSP (26). However, this loop was not found in Cla h 8 although the protein's ability to bind to dsDNA, especially at low temperatures, is striking (see Figure 7) . It can therefore be hypothesised that Cla h 8 represents an evolutionary link between prokaryotic CSPs and eukaryotic cold shock domains contained within Y-box binding proteins.
Structurally, the overall fold of Cla h 8 is assumed to resemble the all-beta sheet motif of bacterial CSPs. This is due to the high sequence homology of Cla h 8 with bacterial CSPs, which allowed the modelling of a reliable 3-D structure of the allergen. The high beta sheet content of the protein became manifest in the far-UV CD spectra of the protein (see Figure 3) . However, Cla h 8 seems to be much less stable than bacterial CSPs, exhibiting thermal unfolding transitions at 35. 
